Hubs are facilities that consolidate and disseminate demand flow in many-to-many distribution systems. Instead of having direct link between each origin-destination (o-d) pair, hubs provide the connection between each o-d pair by using fewer links and also concentrate demand flows to allow economies of scale. Hub Location problem considers decisions including locations of hubs on a network and also allocation of the demand points on the network to these hubs in order to ship the demand from its origin to its destination [1, 2, 3] .
hubs provide the connection between each o-d pair by using fewer links and also concentrate demand flows to allow economies of scale. Hub Location problem considers decisions including locations of hubs on a network and also allocation of the demand points on the network to these hubs in order to ship the demand from its origin to its destination [1, 2, 3] .
Multimodal version of hub location problem is related to hub location problem with more than one transportation mode [4] . Hierarchical multimodal hub location problem consider dividing the network into layers and each layer can have different network structure [5] .
Customarily, each layer has a different mode of transportation.
The standard hub location problem is two-level with complete-star structure (complete for hub networks and star for allocations). In this study, we propose a hierarchical multimodal hub location problem with three-level (ring-star-star) structure (Figure 1 ). On the top layer, we also allow more than one ring. The motivation behind the ring(s) structure on the top level is mainly to increase the utilization of the "best" vehicle on hand. Customarily, the arcs of the top layer hub network are served with faster vehicles, airplanes if possible. Having a complete hub network with airplanes will be very costly. Thus, we aim to utilize the top layer vehicles by incorporating scheduling decisions.
The aim of the proposed problem is, then, to cover all o-d pairs in a given time bound with minimum number of airplanes. The time bound in this problem has a very crucial role since according to the given time bound, the problem on the top layer can transform to Vehicle Routing Problem (VRP). Therefore, in this study, routing decisions are also included into hub location problem and thus a new problem is introduced to the literature. In this research, we consider "pick then deliver" type of service which means all demands are picked from origins and send to central airport hub, and then all demands are delivered to final destinations.
We propose a linear mixed integer mathematical model for the proposed problem. Given the node set, potential ground hub and air hub locations, the model outputs the network configuration with ground hubs, air hubs, the allocations and the required airline segments with the minimum number of airline links while obeying the time bound. We carried out preliminary analysis or the Turkish data set. Depending on the time bound; the locations of hubs (ground and air) change. Interestingly, decreasing the time bound to 14 resulted in 7 airline segments with 3 airplanes. Figure 3 As a next step we will include routing and scheduling decisions in the second layer. Thus, we also will analyze the case (ring(s), ring(s), star) and discuss our findings.
